pH regulation in single glomerular mesangial cells. II. Na+-dependent and -independent Cl(-)-HCO3- exchangers.
We used the pH-sensitive dye 2,7-biscarboxyethyl-5(6)-carboxyfluorescein (BCECF) to further characterize the mechanisms of intracellular pH (pHi) regulation in renal mesangial cells. In the accompanying paper [Am. J. Physiol. 255 (Cell Physiol. 24): C844-C856, 1988], we showed that acid extrusion from mesangial cells is mediated by both an ethylisopropylamiloride (EIPA)-sensitive Na+-H+ exchanger and a 4-acetamido-4'-isothiocyanostilbene-2,2'-disulfonic acid (SITS)-sensitive-HCO3(-)-dependent mechanism. In this study, we examined the ionic dependencies of pHi-regulatory mechanisms in the presence of CO2-HCO3-. We found that in CO2-HCO3-, approximately 90% of the net acid extrusion occurring during recovery from an acid load is blocked by removing external Na+. Short-term (less than 15 min) removal of external Cl- has little effect on the rate of recovery in CO2-HCO3-. In contrast longer periods of external Cl- removal (1-2 h) blocks 40-60% of the rate of recovery, which is consistent with the hypothesis that a large fraction of the SITS-sensitive-HCO3(-)-dependent recovery mechanism described in the preceding paper is also Na+- and Cl(-)-dependent. Therefore, this Cl(-)-dependent component is probably mediated by a Na+-dependent Cl(-)-HCO3- exchanger. As much as 16% of total acid extrusion is insensitive to EIPA and long-term Cl- removal but is blocked by SITS. Thus either 1-2 h of Cl- removal is insufficient to wash out all internal Cl-, or a small component of acid extrusion is mediated by a Cl(-)-independent mechanism, such as the electrogenic Na+/HCO3- cotransporter. We also studied the effect on pHi of the removal and readdition of external Cl-, observing pHi changes consistent with the existence of a Na+-independent Cl(-)-HCO3- exchanger, which would presumably function as an acid loader. In contrast to the Na+-H+ exchanger and Na+-dependent Cl(-)-HCO3- exchanger, which are stimulated at low pHi, the Cl(-)-HCO3- exchanger is stimulated at high pHi. Thus the acid-extruding and acid-loading mechanisms have opposite pHi dependencies.